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DRAG  AND  STAEILITI  PROPERTIES  OF  A  REDSTONE  WARHEAD  MODEL  (u) 

ABSTRACT 

The  drag  and  stability  properties  of  a  Redstone  Warhead  Model,  as 
determined  by  range  firings,  for  0.7  ^  K  <3.5  are  presented. 
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Drag  coefficient 

Static  moment  derivative  (per  radian) 
Normal  force  derivative  (per  radian) 

Center  of  pressure  (calibers  from  base)  „ 
Damping  derivative  due  to  angular  velocity 

Damping  derivative  due  to  yaving  velocity 

reference  area  =  base  area 
reference  length  -  base  diameter  (d) 
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A  version  of  too  Redator.e  rlc*lic  Warhead  was  tested  In  the  Transonic 

Free  Flight  Range'1  of  the  Ballistic  Research  laboratories  at  the  request  of 

2 

ABMA.  The  current  sod  el  (Fig.  j.  end  2)  differed  from  earlier  u^els  in 
that  the  after  body  was  a  single  conical  section  instead  of  a  cone  section 
ani  a  cylinder.  aodels  were  encased  in  a  plastic  sabot  (Fig.  2)  and 

launched  through  the  range  from  a  smooth  bored  five-inch  gun.  Sixteen  models 
were  launched  at  speeds  from  800  to  4000  fps  and  all  tut  one  model  traversed 
the  full  range  of  instrumentation.  A  summary  of  the  initial  firing  data  and 
the  physical  measurements  of  the  model  are  given  in  Table  I. 


RESULTS 

3 

The  range  data  were  processed  by  the  usual  techniques  and  the  reduction 
and  motion  parameters  are  given  in  Table  II.  The  resulting  aerodynamic 
coefficients  are  given  in  Table  III. 


The  drag  coefficient, 

zero  yaw.  A  value  of  C^-7^ 

J6" 

the  individual  round  values 


Cp,  is  shown  in  Figure  3.  The  curve  shown  is  for 
of  2.5  per  squared  radians  has  been  used  to  reduce 


to  a  zero  yaw  value. 


This  value  of  C 


seems 


adequate  for  the  supersonic  data. 


The  moment  derivative,  C  ,  (for  a  center  of  mass  position  2.47  calibers 

a 

forward  of  base)  is  given  in  Figure  4.  Maximum  stability  occurs  at  about 
M  =  0.9  and  decreases  with  increasing  Mach  number.  In  fact,  extrapolation 
would  give  a  neutral  point  at  about  M  =  6;  however,  the  slope  of  the  C 

m 

a 

curve  may  change  at  speeds  above  ose  tested.  The  normal  force  slope  is 
shown  in  Figure  5  and  the  center  of  pressure  of  the  normal  force  in  Figure  6. 


The  damping  moment  derivatives,  (C  +  C  ),  Figure  7,  are  stabilizing 

m  m, 

q  a 

except  at  high  subsonic  speeds.  For  Mach  numbers  greater  than  about  1.1 

(C  +  )  is  fairly  constant  and  adequately  large. 

“q  Kd 


Representative  shadowgraphs  of  the  model  in  flight  are  given  in  Figure  8 
to  16.  It  might  be  noted  that  even  at  the  lowest  test  speed  (M  =  0.7  )  small 
shock  waves  exist  at  the  corner  of  the  nose  cone,  hence  these  data  do  not 
represent  a  fully  subsonic  local  flow  state.  Also,  almost  all  of  the  variations 
of  the  model’s  properties,  except  slow  trends,  occur  in  the  region  from  the 
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lowest  speed  tested  up  to  about  K  ■  1.2  where  ful-i  auperior.ic  flow  app**ara  to 
be  established  over  the  body  and  the  control  vnnea. 

REMARKS 

Nomuu_y  in  the  processing  of  range  data  from  a  statically  stable 
symmetric  missile  which  is  not  spinning  and  has  e  linear  force  system  certain 
equalities  of  the  reduction  parameters  are  preserved.  Primarily  these  are 
equality  in  magnitude  of  the  epicyclic  rates,  b^  and  b^.  It  can  be  noted  in 
Table  II  that  these  equalities  are  not  always  present  to  within  the  probable 
accuracy  of  the  data.  Generally  this  can  be  ascribed  to  three  causes: 

1.  Small  size  of  one  of  the  epicyclic  modes,  a  degenerate  fitting 
condition,  i.e.,  rounds  2-4471  and  2-4476.  These  may  be  handled  by  computing 
the  properties  utilizing  the  equalities  and  the  significant  mode. 

2.  Small  missile  asymmetries  where  impossible,  or  impractical,  to 
process  by  asymmetric  reduction  systems.  The  highest  velocity  rounds  are 
most  apt,  mechanically,  to  have  suffered  some  slight  damage. 

3.  Nonlinearity  of  the  aerodynamic  force  system.  This  is  partially 
allowed  for  but  may  be  the  only  logical  reason  why  the  data  for  the  low  Mach 
number  rounds  has  inconsistent  damping  for  the  two  modes. 


L.  C  •  MacALLISTER 
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TABLE  I 

Test  Conditions 


Hound 

Mid  Range 

Number 

Date 

Test  Velocity 

Weight 

C.  G. 

Remarks 

1957 

fps 

lb 

in.  from 

base 

2-4451 

2  March 

5450 

8.11 

2-4A52 

2  March 

1280 

8.08 

• 

2-4^55 

2  March 

850 

8.10 

7.415 

2-4470 

18  March 

1250 

8.11 

7.422 

2-4471 

18  March 

1470 

8.10 

7.515 

2-4472 

18  March 

1600 

8.11 

7.420 

Hit  fragment  shield 
in  second  group 

-4475 

18  March 

1600 

8.10 

7.416 

2-4474 

20  March 

2770 

8.08 

7.404 

2-4475 

20  March 

2450 

8.09 

7.412 

2-4476 

20  March 

5060 

8.09 

7-410 

2-4479 

27  March 

810 

8.09 

7.414 

2-4480 

27  March 

810 

8.11 

7.414 

2-4481 

27  March 

920 

8.10 

7.414 

2-4482 

28  March 

1050 

8.10 

7.414 

2-4485 

28  March 

1100 

8.09 

7.414 

2-4484 

28  March 

5990 

8.10 

7.415 

Average  maximum  diameter  (20  measurements) 

Average  length  (20  measurements) 

Average  axial  mement  of  inertia 

(2  measurements) 

Average  transverse  moment  of  inertia 

(2  measurements) 


=  5.000  C;^) 

=  14.597  C;oi7iri) 
=  6.59  ib-in^ 


=101.50  lb-in 
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TABLES  II 

REDJOTION  AND  MOTION  PARAMETERS 


Round 

Number 

Mach 

Number 

62 

Epi cyclic  Yaw 
Rates  (deg/ft) 

Model  Damping 
Rates  (l/ft) 

Mid-range 
values  of 
yaw  arms 
(rad) 

Standard  £rrc> 
Yaw  Swe-ve 
Fit  Fit 

(deg1- ) 

bi  b2 

x2io5 

1 

«2 

rad 

feet 

2-4479 

•  717 

11.2 

-1.853  1.952 

-  .45 

-  .05 

.0246 

.0529 

.0030 

.020 

2-4460 

.720 

9-8 

-1.909  +1.897 

+1.02 

-  .47 

.0325 

.0424 

.0046 

.041 

2-4461 

.814 

5-9 

-1.999  +2.051 

+  .44 

+  .32 

.0303 

.0292 

.  0020 

.020 

2-4462 

.921 

22.5 

”-2.198  +2.17 

1.21 

+1.40 

.0291 

.0904 

.0045 

.015 

2-4463 

•  971 

7.7 

-2.031  +2.058 

1.10 

+1. 57 

.0210 

.0394 

.0040 

,r  _ 

2-4470 

1.110 

5.3 

-I.865  +1.846 

1.65 

+1.59 

.0260 

.0254 

.002/ 

.0x6 

2-4471 

1.302 

1.4 

-1.449  +1.785 

1.56 

+3.96 

.0169 

.0052 

.0020 

.01 6 

2-4473 

1.436 

15.0 

-1.339  +1.571 

1.18 

+1.64 

.0298 

.0547 

.0042 

.031 

2-4475 

2.159 

4.1 

-1.138  +1.116 

1.65 

+1.46 

.0244 

.0212 

.0016 

.022 

2-4474 

2.465. 

9.4 

-1.129  +1.032 

1.60 

+1.62 

.0315 

.0325 

.0027 

.012 

2-4476 

2.714 

1.2 

-1.061  +1.000 

2.09 

+1.47 

.0081 

.0156 

.0033 

.025 

2-4464 

5.453 

5.0 

-0.904  +0.904 

2.29 

2.29 

.0238 

.0216 

.0058 

.o6x 
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TABLE  III 

AERODYNAMICS  COEFFICIENTS 


Mach 

Number 

Reynolds 

Number  6  Cn  CM  C 

D  M 

a 

(l0-t )  (deg  )  (per  rad) 

N3 

CP..  CM  +  c 

N  M  j 

q 

(from  base) 

.717 

1.25 

11.2 

.2801  -1.668 

3-79 

2.03 

4.1 

.722 

1.26 

9.8 

.2801  -1.685 

3.63 

2.01 

8.5 

.757 

0 

.2758 

.814 

1 .  42 

5-9 

.2956  -1.890 

3.06 

1.85 

-2.3 

.921 

1.61 

22.5 

.3998  -2.217 

3.44 

1.83 

-24.5 

•  971 

1.70 

7-7 

.4395  -1.939 

5.14 

2.09 

-20.6 

1.110 

1.93 

5-3 

.548$  -1.610 

4.48 

2.11 

-30.2 

1.302 

2.27 

.  1.4 

.5024  -1.215 

4.08 

2.17 

-5?.0 

1.430 

2.51 

15.2 

.4966  -  .858 

3.32 

2.21 

-28.0 

2.159 

3.73 

4.1 

.3845  -  .601 

3.46 

2.30 

-30.9 

2.465 

4.29 

9.4 

.3456  -  .547 

3-28 

2.30 

-32.2 

2.714 

4.68 

1.2 

.3163  -  . 504 

3.86 

2.34 

-35.1 

3-05 

0 

.2872 

3.453 

6.02 

5.0 

.2633  -  .588 

2.75 

2.33 

49-9 

Underlined  values  are  poorly  determined 
due  to  small  yaw  size. 
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Number 


2 t 4179 
2-4480 

2-4481 

2-4482 

2-4483 

2-4470 

2-4471 

2-4473 

2-4475 

2-4474 

2-4476 

2-4484 
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FIGURE  8  SHADOWGRAPH  M  =  0.72 
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FIGURE  10  SHADOWGRAPH  M=  0.92 
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FIGURE  12  SHADOWGRAPH  M  =  I  II 
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FIGURE  16  SHADOWGRAPH  M=  3.45 
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5730  Arbor  Vitae  Atreet 
P.  0.  Box  45067  Airport  Station 
Los  Angeles  45,  California 

THRU:  Los  Angeles  Air 

Procurement  District 
1206  S.  Maple  Avenue 
Los  Angeles  15,  Calif. 
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1 


1 


1 


Research  and  Advanced  1 

Development  Division 
AVCO  Manufacturing  Corp. 

20  South  Union  Street 
Lawrence,  Massachusetts 
Attn:  Mr.  W.  Stevenson 

THRU:  Boston  Air  Procurement 
District 

Boston  Army  Terminal 
Boston  10,  Massachusetts 

1 

Technical  Documents  Service 
Willow  Run  Laboratories 
University  of  Michigan 
Willow  Run  Airport 
Ypsilanti,  Michigan 
Attn:  Mr.  J.  E.  Corey 

THRU :  C  ommande  r 

Central  Air  Procurement 
District 

West  Warren  &  Lonyo  Ave.  1 
Detroit  32,  Michigan 

University  of  So.  California 
Engineering  Center 
Los  Angeles  7 ,  California  1 

Attn:  Mr.  H.  R.  Saffell, 

Director 

THRU:  Bureau  of  Aeronautics 
Representative 
Aeroject  Engineering  1 
Corporation 
6352  North  Irvindale 
Avenue 

Azusa,  California  1 


United  Aircraft  Cori  'on 
Research  Department 
East  Hartford  6,  Connecticut 
Attn:  Mr.  C.  H.  King 

THRU:  Bureau  of  Aeronautics 
Representative 
Pratt  &  Whitney  Aircraft 
United  Aircraft  Corp. 
East  Hartford  8,  Conn. 

Wright  Aeronautical  Division 
Curtiss-Wright  Corporation 
Wood-Ridge,  New  Jersey 
Attn :  Sale  s  Dept . ( Government ) 

THRU:  Air  Force  Plant 
Representative 
Wright  Aeronautical 
Division 

Wood- Ridge,  New  Jersey 

Professor  George  Carrier 
Division  of  Applied  Sciences 
Harvard  University 
Cambridge  5&,  Massachusetts 

Professor  Clark  B.  Milliken 
Guggenheim  Aeronautical  Lab. 
California  Institute  of 
Technology 

Pasadena  k,  California 

Dr.  A.  E.  Puckett 
Hughes  Aircraft  Company 
Culver  City,  California 

Dr.  L.  H.  Thomas 
Watson  Scientific  Computing 
Laboratory 

612  West  116th  Street 
New  York  27,  New  York 
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Assistant  Secretary  of  Defense  (R&E 
The  Pentagon 
Washington  25,  D.  C. 

Attn:  Director,  Guided  Missiles 

Chief  of  Staff 
Department  of  the  Army 
Washington  25,  D.  C. 

Attn:  Director,  Special  Weapons 

Army  Ballistic  Missile  Committee 
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SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSING  TRE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT  MAY  IN  WAY  BE  RELATED  THERETO 
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